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ABSTRACT
Objectives: To conduct a pilot study to determine if the presence of obstructive sleep apnea (OSA)
influences the orthodontic treatment outcome of Class II hyperdivergent patients receiving
comprehensive orthodontic treatment.
Materials and Methods: Patients between the ages of 12 and 14 who received orthodontic
treatment at the Hospital of Stomatology, Wuhan University, China, were included in this study.
Patients were divided into two groups: the OSA group and the control group, based on the outcome
of pretreatment polysomnography findings and lateral cephalometric radiograph examination.
Patients in the control group were matched with the OSA group for age, sex, ethnicity, weight, and
height. Cephalometric measurements were used to record the skeletal and dental changes from
before to after treatment. Data were analyzed using the t-test.
Results: Twenty three OSA patients and 23 control patients were included. After comprehensive
orthodontic treatment, the mandibular plane angle (SN-GoMe), articular angle (SArGo), sum of
Jarabak angles (SUM) and the lower gonial angle (NGoMe) were found to increase significantly in
the OSA group but remained unchanged or decreased slightly in the control group (P , .05). In the
non-OSA group, the growth pattern became more horizontal. In contrast, in the OSA group the
growth pattern became more vertical. Otherwise, similar treatment results were obtained for both
groups in terms of sagittal change and occlusion.
Conclusions: The presence of OSA in pediatric patients has a deleterious effect on the
development of hyperdivergent malocclusions. Early diagnosis and management of pediatric OSA
can affect the orthodontic treatment outcome of these patients. (Angle Orthod. 2018;88:560–566.)
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INTRODUCTION
Sleep-disordered breathing (SDB) is characterized
by prolonged increased upper airway resistance,
partial upper airway obstruction, or complete obstruc-
tion that disrupts pulmonary ventilation, oxygenation,
or sleep quality. Obstructive sleep apnea hypopnea
syndrome (OSAHS) was first reported in children by
Guilleminault et al. in 1976.1 Since then, the influence
of pediatric SDB on dentofacial growth and develop-
ment has been a widely debated and controversial
issue within the orthodontic community for decades.2–5
The size of the adenoids and nasopharyngeal space
are major factors that determine nasopharyngeal
obstruction. The presence of OSAHS in children is
mainly caused by hypertrophy of the adenoids and
tonsils. Children suffering from OSAHS have different
dentofacial morphology to nonobstructed children
during growth, thus resulting in unfavorable craniofa-
cial dentofacial complex development.6–8
Along with the vast amount of research including
animal experiments and literature reviews concerning
airway and its influence on dentofacial growth and
development,9–12 many investigators have attempted to
resolve pediatric OSAHS by the use of orthodontic
appliances such as rapid maxillary expansion appli-
ances.13–17 However, few studies reported on the
follow-up observation on the impact of OSAHS on
patients treated with fixed orthodontic appliances.
Tonsillectomy and adenoidectomy (T & A) is the
most commonly performed procedure to resolve
OSAHS problems in children and is deemed curative
in approximately 83% of children.18 Several investiga-
tors suggested an association between adenoidectomy
and the change in mode of breathing and the
establishment of a more horizontally growing mandi-
ble.7,19–22 The objective of the present study was to
determine if the presence of obstructive sleep apnea
(OSA) influences the orthodontic treatment outcome of
patients with Class II hyperdivergent malocclusions.
MATERIALS AND METHODS
Sample Description
Patients between the ages of 12 and 14 who
received orthodontic treatment at the Department of
Orthodontics, School of Stomatology, Wuhan Univer-
sity, China, from 2012 to 2016 were selected for this
study. The study was approved by the Ethics Commit-
tee of the School of Stomatology, Wuhan University
(Approval 2016-51). The inclusion criteria were sub-
jects with full permanent dentition and no missing teeth
(except for third molars); distal molar relationship with
ANB  4; hyperdivergent skeletal growth pattern
(SNGoMe  36); degree of crowding , 3 mm. The
exclusion criteria were obese subjects (BMI . 25kg/
m2); failure to thrive; or temporomandibular joint
problems.
Subjects were divided into an OSAHS group and
control group based on polysomnography (PSG)
findings and lateral cephalometric radiograph exami-
nation before orthodontic treatment. Subjects with
apnea/hypopnea index (AHI)  1/h and enlarged
adenoids with adenoid to nasopharynx ratio (A/N) .
0.6 were categorized into the OSAHA group. Subjects
with AHI , 1/h and no enlarged adenoids were placed
in the control group. All subjects were treated by the
same orthodontist using an identical comprehensive
treatment protocol, which included the extraction of the
upper first premolars and the lower second premolars,
as well as the use of a transpalatal arch/Nance holding
arch as an anchorage reinforcement device.
Cephalometric Analysis
All lateral cephalometric radiographs were obtained
with the same cephalostat (Soredex, Tuusula, Finland)
according to a standard protocol (73 kV, 10 mA) and
performed by the same operator. All radiographs were
taken in centric occlusion and natural head position.23,24
Dolphin Imaging software (Version 11.7, Dolphin
Imaging & Management Systems, Chatsworth, Calif)
was used to digitize and analyze the pretreatment (T0)
and posttreatment (T1) data. All data were measured
again four weeks later to determine the error mea-
surements. The reference points and lines used in the
cephalometric analysis are shown in Table 1 and
Figure 1. The cephalometric variables that were used
in this study are shown in Table 2. Even though the
radiographic image was only two-dimensional, a high
correlation was found between nasopharyngeal airway
and the size of the adenoids with the results of
posterior rhinoscopy as adenoids lie on the posterior
wall of the nasopharynx. An adenoid ratio (A/N) . 0.6
represented hypertrophy of the adenoids (Figure 2).
Sleep Monitoring (Polysomnography)
Polysomnography25 was conducted using a comput-
erized Alice 5 system (Philips Respironics, Cedar
Grove, New Jersey) for home monitoring of sleep
disorder in the Sleep Monitor Center, Hospital of
Stomatology, Wuhan University. The assembly of the
PSG and the criteria for the report met the parameters
described in the American Academy of Sleep Medicine
manual.26 Pediatric PSG guidelines for diagnosing
OSAS in children have been published.27 The AHI,
defined as the average number of apneas and
hypopneas per hour of total sleep time, was used for
the diagnosis of OSAS, which was identified by an AHI
of 1 or higher. Pediatric OSAHS severity was classified
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as mild (AHI , 5); moderate (AHI  5 to , 10); or
severe (AHI  10). The lowest arterial oxygen
saturation (Lsa O2%) as measured by pulse oximetry
was used for diagnosis of hypoxemia. Hypoxemia
severity was classified as mild (85%–91%), moderate
(75%–84%), or severe (,75%).
Statistical Analysis
Changes of craniofacial structures were analyzed
using cephalometric films. All measurements were
repeated at an interval of at least four weeks and the







, where s is the error of method, d is the
difference between the first and second measure-
ments, and 2n is the number of double registrations. All
statistical analyses were performed using SPSS 17.0
(SPSS Inc., Chicago, Ill). Thus, the independent-
samples t-test was used to compare the changes of
craniofacial measurements from T0 to T1 of the two
groups. A sample size calculation was not performed,
as there has been no similar study in the literature.
RESULTS
The final sample consisted of 23 OSA children
(mean age: 12.6 6 1.2 years, range: 11–14 years) and
Table 1. Cephalometric Landmarks Used in the Analysis of the
Children in the Study
Landmarks Definition
N
Most Posterior Point on the Curve at the
Bridge of the Nose
S Midpoint of the sella turcica
Ba Most inferior-posterior point on margin of the
foramen magnum
Ar Point of intersection of the inferior cranial base
surface and the averaged posterior surfaces of
the mandibular condyles
Go Most posterior-inferior point on the outline of the
mandible angle
Po Most superior point of the outline of the external
auditory meatus.
Or Deepest point on the infra-orbital margin
Me Most inferior point on the outer inferior margin of
the mandible
Gn Most anterior-inferior point on the outline of the
bony chin
Pog Most anterior point on the contour of the bony
chin
DC Center of the mandibular condyle lying on the line
N-Ba
ANS Anterior tip of the median palate
PNS Most posterior point on the bony hard palate
Pt Posterior outline of the Pterygo-Maxillary Fissure
A Most posterior point on the anterior contour of the
upper alveolar process
B Most posterior point on the anterior contour of the
lower alveolar process
PM Point on the anterior border of the symphysis
between point B and Po where the curvature
changes from concave to convex
D Center point of a circle
R1 Point at the deepest notch of front margin of the
mandibular ramus
R2 Point in the center of the back margin of the
mandibular ramus
R3 Most inferior point in the sigmoid notch
R4 Point on the lower border of the mandible directly
inferior to R3
Table 2. Cephalometric Linear Measurements Used in the Analysis






NGoAr Upper gonial angle
NGoMe Lower gonial angle
SAr:ArGo Ratio of lat. cranial base and ramus height
GoMe:NS Ratio of mand. and cranial base length
SNGoMe Angle of anterior cranial base to mand. plane
NSG Y axis to SN
SGo:NMe Ratio of posterior to anterior facial height
ANS-Xi-Pm Lower facial height
NBa-PtG Facial axis
DC-Xi-Pm Mandibular arc angle
a lat. indicates lateral; mand., mandibular.
Figure 1. Reference points and lines for skeletal and dental
measurements.
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23 non-OSA children (mean age: 12.0 6 1.2 years,
range: 11–14 years). There were nine boys and 14
girls in the OSA group and seven boys and 16 girls in
the non-OSAHS group. Pretreatment craniofacial
measurements in the OSA group and the matched
control group are shown in Table 3. No significant
differences were found between the two groups. The
molar relationship was Class I and the overbite and
overjet were normalized after the treatment.
Radiographs were traced and measured on two
separate occasions by the same author (KP-P) at least
four weeks apart to calculate the error of the
assessment, which was determined by intraclass
correlation coefficients (ICC) using an absolute agree-
ment definition. ICC varied from 0.934 to 0.993 for
angular measurements and from 0.934 to 0.998 for
linear measurements, indicating a satisfactory level of
intra-investigator reliability.
The gonial angle (NGoMe) and mandibular plane
angle (SNGoMe) increased in the OSA group and
decreased in the control group. The articular angle
(SArGo) was found to increase in the OSAHS group
but remain relatively unchanged in the control group.
The sum of Jarabak angles (SUM) increased in the
OSA group and decreased in the control group. The
change in variables SArGo, SUM, NGoMe, and SN-
GoMe from before to after orthodontic treatment were
all found to be significantly different between the two
groups (P , .05, Table 4). In the non-OSA group, there
was an improvement in the craniofacial morphology;
the mandibular plane angle decreased and the growth
pattern became more horizontal (Figure 3). In contrast,
the mandibular plane angle of subjects in the OSA
group increased and the growth pattern became more
vertical (Figure 4).
DISCUSSION
The adenoids are a mass of nasopharyngeal
lymphatic tissue and normally provide resistance
against upper respiratory tract infections. The size is
largest at the age of 10 and, thereafter, the size
decreases. Adenoid hypertrophy from various causes
is a common cause of upper airway obstruction in
pediatric patients. Studies have shown that there is a
bilateral relationship between upper airway obstruction
and dentofacial developmental disorders.2,29
According to the complex function hypothesis, soft
tissue covering the inside and outside of hard tissues
guides the direction and volume of hard tissue growth;
nasal breathing allows proper growth and development
Figure 2. Line A to A’: Measurement of adenoid thickness; B line:
The occipital slope extracranial tangent; C point: posterior superior
point of the hard palate; D point: posterior superior point of pterygoid
lamina root; N line: Nasopharyngeal cavity width.
Table 3. Comparison of Pretreatment Craniofacial Measurements








NSAr 123.39 6 4.91 124.61 6 4.73 .427
SArGo 150.43 6 4.88 151.61 6 6.22 .637
ArGoMe 120.78 6 4.63 122.11 6 6.55 .583
SUM 394.60 6 61.67 397.33 6 5.35 .265
NGoAr 45.61 6 3.91 46.61 6 4.60 .455
NGoMe 75.17 6 2.93 77.61 6 4.22 .096
SNGoMe 37.17 6 8.45 37.11 6 5.35 .402
NSG 71.52 6 3.53 73.39 6 4.03 .122
ANS-Xi-Pm 48.63 6 3.88 48.85 6 6.23 .889
NBa-PtG 83.31 6 3.27 82.23 6 4.53 .381
DC-Xi-Pm 33.15 6 3.82 33.78 6 4.46 .623
SAr:ArGo 81.09 6 8.33 81.22 6 10.20 .963
GoMe:NS 101.00 6 14.64 102.67 6 5.82 .652
SGo:NMe 65.27 6 2.29 62.39 6 4.57 .122
* P , .05.
Table 4. Cephalometric Changes of OSAHS and Control Groups
Pretreatment and Posttreatment (Positive Values Signify Increase;








NSAr 0.348 6 1.668 0.739 6 2.281 .072
SArGo 0.609 6 2.624 4.012 6 2.393 .035*
ArGoMe 0.044 6 2.619 1 6 2.486 .211
SUM 0.22 6 1.596 2.27 6 1.825 .025*
NGoAr 0.044 6 1.988 1.044 6 1.965 .702
NGoMe 0.174 6 1.696 0.957 6 1.96 .019*
SNGoMe 1 6 1.537 2.85 6 1.613 .006*
NSG 0.221 6 1.421 0.392 6 1.276 .387
ANS-Xi-Pm 0.522 6 1.697 1.171 6 1.714 .436
NBa-PtG 0.478 6 1.236 0.313 6 1.663 .704
DC-Xi-Pm 1.144 6 3.286 0.226 6 2.881 .32
SAr:ArGo 3.044 6 5.085 2.391 6 4.429 .654
GoMe:NS 2.565 6 3.087 1.608 6 2.692 .269
SGo:NMe 1.019 6 1.49 0.031 6 2.027 .908
* P , .05.
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of the craniofacial complex. Macari and Haddad
reviewed the various aspects of the association
between mouth breathing and dentofacial growth and
came to the conclusion that orthodontists play an
important role in the early diagnosis of airway
impairment and early clearance of the airway as ear,
nose, and throat specialists became more aware of the
potential effect on craniofacial development.30 Investi-
gators have found an association between adenoidec-
tomy and the change in the mode of breathing and the
establishment of a more horizontally growing mandi-
ble.31 Although several reports have demonstrated
dentofacial changes associated with upper airway
obstruction, the current study is the first to show the
effect of upper airway obstruction on the outcomes of
fixed orthodontic treatment.
In normal growth and development, the mandible
assumes a counterclockwise growth pattern with a
decrease in the mandibular plane angle with age. In
the presence of upper airway obstruction, studies have
shown that the mandible assumes a more clockwise
rotation.8 In children with a hyperdivergent growth
pattern or high mandibular plane angle, extraction of
four premolars may allow the mandibular molars to
move forward and reduce lower facial height. Children
with upper airway obstruction tend to have a backward
and downward rotating mandible, which tends to
oppose the orthodontic treatment goal. Orthodontic
treatment for patients diagnosed with sleep apnea
problems should be followed for a longer period of time
because if airway problems persist after orthodontic
treatment, relapse may occur.32
In the present study, the control subjects consisted
of children whose adenoids either went through
atrophy or had adenoidectomy before orthodontic
treatment. Most of the OSAHS subjects in this study
had mild to moderate upper airway obstruction
symptoms since those children who had severe
symptoms already received adenoidectomy treatment
in most cases. Fortunately, significant findings were
still evident between the two groups in the current
study.
Vertical control is important for resolving hyper-
divergent malocclusions. Orthodontists have found
many ways to control vertical height, such as by using
mini-implants and transpalatal arches. In the present
Figure 3. Typical example of an OSAHS subject treated with fixed orthodontic appliances showing an unsatisfactory improvement in the
craniofacial morphology: (A) pretreatment radiograph. (B) posttreatment radiograph. (C) cephalometric superimposition (pretreatment in black,
posttreatment in green).
Figure 4. Typical example of a subject in the control group (non-OSAHS) with fixed orthodontic appliances showing an improvement in the
craniofacial morphology: (A) pretreatment radiograph, (B) posttreatment radiograph, (C) cephalometric superimposition (pretreatment in black,
posttreatment in green).
Angle Orthodontist, Vol 88, No 5, 2018
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study, pediatric OSA was shown to be a critical and
influential factor to be considered in the vertical control
during treatment of hyperdivergent malocclusions. In
the future, craniofacial morphologic changes other than
mandibular rotation should also be studied.
A limitation of this study was that there were several
variables that could not be controlled such as force
application and the rate of tooth movement that may
differ from individual to individual. In the current study,
only craniofacial hard tissues were assessed. Evalua-
tion of soft tissue outcomes requires longer follow-up
periods and, therefore, was not included in this pilot.
Future research is needed for long-term observation of
the effects of airway obstruction on craniofacial
changes affecting three-dimensional soft tissue devel-
opment.
Overnight polysomnography is considered to be
the gold standard for the diagnosis of OSA in
children.25 However, the procedure is costly, time-
consuming, and frequently inaccessible for many
children. Thus, not all of the children in this study
participated in sleep monitoring during, or at the end
of, orthodontic treatment to check on the sleep
breathing conditions. In the current study, this
procedure was only performed at the beginning of
treatment.
Despite its limitations, this study demonstrated the
possible impact of airway obstruction on growth and
treatment. The results agreed with a five-year longitu-
dinal study,7 which reported that a change in breathing
mode could influence both the spatial position of the
mandible (by halting the posterior rotation originally
encountered) and the mandibular form (by producing a
more anterior direction of growth). The present study
provides additional evidence for a need to work with
ENT specialists in the orthodontic treatment of pediat-
ric patients with OSAHS.
CONCLUSIONS
 The presence of OSA has a deleterious effect on the
treatment outcome of hyperdivergent patients receiv-
ing comprehensive orthodontic treatment. Examina-
tion of airway obstruction and sleep breathing
disorders is recommended for routine treatment
planning. Early diagnosis and management of pedi-
atric OSA can affect the orthodontic treatment
outcome of these patients.
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